Background: Medication non-adherence in inflammatory bowel disease (IBD) has a negative impact on disease outcome. Different tools have been proposed to assess non-adherence. We aimed to compare a self-administered scale and a pharmacy refill index as a reliable measure of medication adherence and to determine what factors are related to adherence.
INTRODUCTION
Adherence to prescribed medication is a key factor for an effective disease management of many chronic conditions such as inflammatory bowel disease (IBD). Clinically non-active IBD patients are required to maintain medication adherence, as low adherence in IBD increases the risk of relapses and complications, the use of health services and healthcare costs (1, 2) .
Non-adherence rates in IBD range from 7 to 72%, with most studies reporting non-adherence rates of 30-40% (3) . These large differences in adherence rates can be explained by differences in patient characteristics or in the methods used to measure adherence, as there is no single metric to investigate this and none are considered as the gold standard. Adherence can be measured via different methods such as validated self-administered surveys, metabolite measurements, pill counts or prescription claims, and the degree of agreement among these assessment methods can vary (4) .
The eight-item Morisky Medication Adherence Scale (MMAS-8) is a screening tool recently developed from the original 4-question Morisky survey (5), as this scale was considered as accusatory and often evoked defensiveness from patients. It has been shown to be reliable for non-adherence with a good sensitivity and specificity and correlated well with patient adherence as measured by pharmacy refills in some diseases (6, 7) . However, there is conflicting data for patients with IBD. The few published studies have shown a fairly good correlation between MMAS-8 and pharmacy fill rates (8, 9 ) but it appears to be limited for a specific drug class (9, 10) .
Among the diverse factors related to non-adherence, a patient's beliefs about medication have been recently highlighted (3, 11) . The Beliefs about Medication Questionnaire (BMQ) is a standardized scale assessing specific concerns about medication that a person is taking and general beliefs about the importance of medication (12, 13) . Departments of 1 Gastroenterology, 2 Pharmacy, and
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The aim of this study was to assess therapeutic adherence in clinically non-active IBD patients comparing the MMAS-8 scale with a pharmacy refill rate (the medication possession ratio [MPR]) as reliable methods to measure medication adherence and to determine which factors are related to adherence in this population.
MATERIALS AND METHODS

Study population and data collection
All consecutive patients with Crohn's disease (CD) or ulcerative colitis (UC) attending the IBD outpatient clinic of the Department of Gastroenterology at the Xerencia de Xestion Integrada de Vigo (Vigo, Spain) from November 2014 to April of 2015 were invited to participate in this study.
Patients were included if they consented to participate and were under treatment with any of the following drugs: topical or oral mesalazine, immunomodulators (thiopurines or methotrexate) and anti-tumour necrosis factor alfa (anti-TNFα). Exclusion criteria for the study were: age under 18 years, clinically active IBD defined as a modified Mayo score ≥ 2 in UC or a Harvey-Bradshaw index ≥ 5 in CD, changes of treatment in the three months prior to the visit or patients unable to understand or fill out the questionnaires correctly. Trained IBD nurses collected demographic and social data (age, sex, employment, level of education), habits (tobacco, alcohol, drugs), use of alternative therapies for IBD and concomitant medication. They assessed clinical activity on the day of enrollment by calculating the Mayo or the Harvey-Bradshaw scores as appropriate, and the patients were asked to answer the MMAS-8 (Table 1 ) and the BMQ (Table 2) questionnaires (official Spanish versions) anonymously. These were kept separately from any clinical information in a closed box. In a nearby room, an IBD physician filled-in additional IBD related data such as disease location and extent, time from diagnosis, prescribed treatment, hospitalizations or surgery requirements during the previous six months.
The MMAS-8 and BMQ surveys
The MMAS-8 is an eight-question self-reported survey and each item measures a specific medication-taking behavior (Table  1) . Response categories are YES/NO for each item (i.e., a dichotomous response) and a five-point Likert response for the last item. In previous reports, a score of less than six points was interpreted as low adherence, six/seven as medium adherence and eight points as high adherence (7) . As in other studies, we grouped together medium and high adherers and labelled them as MMAS-8 good adherers as there is neither a clear definition of medium and high adherence in the literature nor a clear clinical discrimination between the scores six to eight. Permission for the use of the MMAS-8 was granted by Dr. Donald Morisky, the copyright holder of the scale.
The Beliefs about Medication Questionnaire (BMQ) is an 18-item standardized scale assessing specific concerns about medication that a person is taking and the general beliefs about the importance of that medication (5-items each) ( Table 2 ). It also measures beliefs about the potential for harm and overuse of medication in general (4-items each). Individual scale items are scored using a five-point Likerttype scale and computed by adding individual item scores to provide a total score in each category (13) .
Medication adherence by pharmacy refill index
Medication adherence prior to study enrollment was calculated for all IBD drugs during the previous three months except for anti-TNFα drugs. In this case, adherence was calculated for the previous six month due to its dosage. Information on dispensed medication was obtained from the pharmacy databases and hospital pharmacy electronic records when the medication was dispensed by the hospital (anti-TNFα drugs). The evaluation of adherence was assessed by the mean medication possession ratio (MPR), which is defined as the proportion or percentage of days supply of drugs obtained during the specified time period or over a period of refill intervals. Patients were considered as adherent if the MPR was at least 80% (value ≥ 0.8) (14) . This dichotomous cut-off is somewhat arbitrary, however, it has been used for the majority of the studies in the medication adherence literature with data from both observational and randomized controlled clinical trials. MPR values were computed separately for each drug of every individual patient, although patients on IBD combination therapy were considered to be adherent only if they reached a MPR of ≥ 0.8 in every drug they were expected to take.
Statistical analysis
Statistical analysis was performed using the SPSS software (version 15.0, San Diego, CA USA). All analyses were two-tailed and p values under 0.05 were considered as significant. Quantitative variables were expressed as means ± standard deviation (SD) for normally distributed data and as median and interquartile range for non-normally distributed data. Categorical variables were expressed as a total number and frequencies (%). Quantitative variables were analyzed using the Student's t-test or Mann Whitney test and qualitative variables using the Chi-squared test. For stepwise forward multivariate binary logistic regression analysis, only candidate variables with p values ≤ 0.05 on univariate analysis were included. Receiver operator curve analysis was used to determine the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and overall accuracy of MMAS-8 to detect MPR non-adherence.
Ethical considerations
The study was approved by the Galician Clinical Research Ethics Committee, under resolution dated 4 th June 2014 (registry code 2014/298). Patients' clinical histories were accessed for study purposes in accordance with the research protocols laid down by the clinical documentation department.
RESULTS
Overall characteristics of patients
Three hundred and forty-two IBD patients attended our IBD outpatient clinic in 54 scheduled appointments during the study period. One hundred and fourteen patients had clinically active IBD or had recently changed treatment, 15 showed difficulties with reading or understanding the questionnaires and ten did not sign the informed consent. Altogether, 203 consecutive patients were recruited to 
Medication non-adherence measured by MMAS-8
According to the MMAS-8 survey, 36% of patients admitted that they sometimes forgot to take their IBD medication and 20% admitted to non-adherence in the two weeks before their medical appointment. Ten per cent said they stopped taking medication when they felt well and 7% did the same because they felt worse when they took the medication (Table 1 ). The mean MMAS-8 score was 6.7 (1.6), 44 patients (22.4%) had a score < 6 and were classified as low adherers, 73 (37.2%) scored > 6 to 8 and were considered as medium adherers, and 79 (40.3%) were high adherers as they scored 8. Among the MMAS-8 low adherent patients, 57% had non-persistent medication fill rates (MPR < 0.8), whereas this value was 38.4% in medium and 27.8% in high adherers. The differences among the three groups were statistically significant (p = 0.007).
Patients with MMAS-8 scores < 6 were labelled as MMAS-8 non-adherers. The clinical characteristics of these patients are shown in table 3.
BMQ answers (Table 2) revealed that 38.2% of IBD patients were worried about taking medicines and 61.8% were worried about long-term potential adverse effects of the medication. Nevertheless, they did not have doubts about their personal need for IBD medication (45.6%-79.4%). Participants were prone to disagree with statements suggesting that all medication is harmful (60.8%) or addictive (53%) and they tended to deny statements such as "doctors usually overuse medication" (43.7%).
Univariate analysis showed that young age, eating alone, missing scheduled medical appointments and high levels of concern about IBD medication in BMQ were significantly associated with MMAS-8 non-adherence (p < 0.05) ( 
Medication non-adherence measured by MPR
When assessing adherence by a MPR score ≥ 0.8, we classified 74 patients as non-adherers (37%). The clinical characteristics of these patients are shown in table 4.
The MMAS-8 score of MPR adherers was significantly higher than MPR non-adherers, 7 (1.4) versus 6.2 (2.2) (p = 0.001). Univariate analysis showed that only a higher score on the BMQ potential for harm of medication in general (p = 0.01) was significantly associated with MPR non-adherence (p = 0.004) ( Table 4) .
Regarding drug class, anti-TNF-α had the highest MPR adherence percentage (97%), which was statistically significant (p = 0.001), whereas thiopurines (66.3%), oral mesalazine (63%) and topical mesalazine (66.5%) had lower values. When combination therapy was evaluated, only 59% of patients on oral plus topical mesalazine, 60% on mesalazine plus thiopurines and 38% on anti-TNF-α plus thiopurines were considered as MPR adherers. The values of MPR percentage and MMAS-8 scores were significantly correlated for thiopurines (p = 0.004) and oral mesalazine (p = 0.01), although the data was very variable, even with higher MMAS-8 scores (Fig. 1) .
Receiver operator curve (ROC) analysis of MMAS-8 scores using a cut-off value of six to predict MPR non-adherence gave an area under the curve of 0.6 (95% CI 0.5-0.7), p = 0.001. This cut-off value had a sensitivity of 85.5% and a specificity of 34% to detect MPR non-adherence, and the negative predictive value was 57% and the positive predictive value was 70% (Fig. 2) .
ROC analysis using different MMAS-8 cut-off values from five to seven did not give a higher area under the curve, with values from 0.52 to 0.6 (data not shown).
DISCUSSION
Even though therapy compliance is mainstay in IBD patients, only a minority of physicians check medication adherence on a regular basis (15) and the lack of validated screening tools may be the reason. Measuring metabolite levels in blood or urine is costly and has a high intra-patient variability. Pharmacy refills are time consuming and the clinician assessment seems unreliable (8, 16) . Self-reported adherence scales are accessible, inexpensive and easy to obtain while waiting to see the physician, although some reports have demonstrated that they tend to overestimate adherence when compared to objective monitoring methods (17) .
In this study, the self-reported survey MMAS-8 identified 22% of patients as medication non-adherers, whereas pharmacy refill databases showed that 37% IBD patients had a MPR < 0.8. Therefore in our non-active IBD population, 15% of non-adherers were incorrectly identified as good adherers by MMAS-8. IBD: inflammatory bowel diseases. *Self-reported adherence defined using MMAS-8 (below 6, above 6). IBD severity considers as mild B1 in Crohn's disease or E1, E2 in ulcerative colitis. Categorical data are presented as % and continuous data are reported as mean and standard deviation.
(Continue in the next page) However, MMAS-8 correlates with refill behavior, as good pharmacy refill adherers have higher MMAS-8 scores and MPR values are higher when the MMAS-8 score increases. However, its accuracy as a clinical screening tool to identify non-adherence behavior in non-active IBD patients is limited due to its low specificity (34%) and neg- ative predictive value (57%). One explanation could be the fact that many patients tend to overestimate their adherence when questioned about it, thus decreasing the specificity and increasing the false positive results of this test. When evaluating medication adherence among new therapy users, chronic users or mixed populations, we would expected to find different estimates of adherence, even if the same definitions and methods are employed for evaluation (14) . Moreover, in non-active IBD patients, medication adherence declines over time and is harder to maintain than in active disease (4, 18) . These factors may explain why previous studies comparing MMAS-8 and MPR in IBD patients have shown contradictory data.
Trindade et al. found a very good accuracy of MMAS-8 to detect adherence behavior in IBD patients (8) . They included both inpatients and outpatients only on monotherapy with varying degrees of disease severity. In contrast, this study enrolled clinically non-active IBD patients on both monotherapy and combination therapy, and deliberately excluded inpatients and patients recently diagnosed or that had active IBD, as this population is more likely to adhere to the medication. In this real life situation we found that MMAS-8 failed to detect 15% of non-adherent patients.
On the other hand, Kane et al. concluded that MMAS-8 might be helpful for the short term for certain classes of therapy, but not globally and not for long-term prediction of adherence in IBD patients, as only patients on thiopurines had a survey score that positively correlated with refill behavior in MPR (9) . Similarly to Kane et al., we found a better relationship between MMAS-8 and MPR in relation to drug class as both methods showed a statistically significantly correlation in non-active IBD patients on thiopurines or mesalazine. However, the variability in the data and the fact that the data points in the graph do not closely cluster around the line of origin means that these results are not reliable even within a drug class.
Recently, Goodhand et al. reported that MMAS-8 reliably predicted thiopurine non-adherence compared to blood metabolite levels (10) . Immunomodulator therapy has been previously associated to a better adherence (19, 20) , but the reasons are not clearly understood. Patients on immunomodulators usually suffer from a more severe disease, which is associated with a better adherence, and these patients are recommended to follow a strict medical control which could exert a positive effect on adherence.
Regarding drug class, patients on biological anti-TNF drugs showed a significantly high adherence with regard to other medication. This is likely due to the fact that these cases often suffer from a more complicated disease and many of these therapies are administered under controlled conditions in an outpatient clinic. However, an interesting observation in our study was that closely monitored patients on combination therapy with anti-TNF plus thiopurines showed a high rate of non-adherence with regard to thiopurine therapy. This could be due to patients' views about its potential toxicity and their ignorance to the additional benefits of thiopurines on their disease. In light of these results, we can consider these patients as a risk group for medication non-adherence.
Demographic characteristics and treatment variables have not been previously associated to non-adherence behavior (3). We found that IBD patients missing clinical appointments or eating alone frequently were prone to self-report MMAS-8 non-adherence. Although none of these characteristics were associated with MPR non-adherence. With regard to oral IBD medication, we did not find any relationship between the number of daily doses and adherence.
Moreover, patient attitudes and negative views about medication play an important role in voluntary non-adherence in chronic diseases (21) , and a low perceived personal need for treatment and a high concern about potential adverse effects of treatment were associated to non-adherence in IBD patients (22) . In this study, self-reported MMAS-8 non-adherence was associated with high levels of concern about IBD medication in BMQ, whereas high scores in potential for harm of medication in general were significantly associated with MPR non-adherence. Understanding the reasons given by patients for non-adherence could help to develop suitable programs to optimize treatment adherence, in which it will be necessary to introduce other important factors like the improvement of patients' knowledge of their disease (23, 24) .
With regard to the weaknesses of this study, MPR is a pharmacy refill index that measures medication availability but not consumption. However, this index is considered to have a high specificity for the identification of patients that do not consume their medication if patients are unlikely to obtain their medication from other sources that are not captured by the automated pharmacy databases (14) , as is the case in our IBD patient cohort. Moreover, 22 non-active IBD patients did not fill out the MMAS-8 and BMQ questionnaires correctly, mainly due to the difficulties in understanding some of the language. Although we do not consider this as a bias, this fact should be taken into account in the development of future research tools to study adherence.
The main strength of the present study is that medication adherence in IBD patients has been assessed under real-life conditions. We have enrolled a homogeneous outpatient population with a non-active disease having to maintain chronic medication, mainly with multiple drugs.
Identification of non-adherers is the main goal in non-active IBD patients in order to identify different aspects that could improve adherence. We consider that a suitable screening tool to detect non-adherence must have a high specificity and negative predictive values, and not to be limited to the medication being taken. Our results indicate that MMAS-8 has a low accuracy to identify medication adherence in non-active IBD outpatients in our setting, due to its low specificity and negative predictive value. Thus, the search for an appropriate clinical tool continues. On the other hand, as demographic, clinical and treatment variables have not been consistently associated with non-adherence, we must focus on psychological and psychosocial factors such as beliefs about medication in future studies.
